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INTRODUCTION 
Scientists are continually searching for new compounds, as 
well as optimum levels and combinations of existing compounds, in order 
to improve gain and feed efficiency of pigs fed common swine rations 
without adversely affecting the quality of the pork produced. Feed 
efficiency. is of particular importance to a profitable swine enter­
prise since feed costs make up approximately 65% of total production 
costs. 
During the last two decades there has been considerable inter­
est in the ability of copper to increase gains and feed efficiency when 
fed at high levels in swine rations. Several reports have indicated 
tha.t copper is an effective growth stimulant when added to swine 
rations at a level of approximately 250 ppm. The mode of action of 
copper and the response from copper appear to be similar to that ob­
tained from using an antibiotic. With increased concern of public 
health officials and the Food and Drug Administration there is the 
possibility of limiting the tolerance of antibiotics in tissues of 
meat animals or of antibjotics being prohibited in swine feeds in the 
future. A nutrient which would have a similar beneficial effect in 
improving swine production would be of great benefit to producers. 
However, the widespread usage of copper as a feed additive 
has been restricted by reports of toxicity at levels generally recom­
mended for improving rate.of g�in and feed efficiency. It 1s pos­
sible that high levels of copper could create an imbalance of minerals 
within the animal and thus impair normal body function. 
The objectives of this research were (1) to study the effects 
of copper when fed at levels of 250 or 500 ppm on growth, feed ef­
ficiency, carcass characteristics and other selected physiological 
parameters, and (2) to study the effects of added zinc and iron, and 
molybdenum in counteracting any toxic effects of copper. 
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REVIEW OF LITERATURE 
In reviewing the literature, it was considered necessary to 
look at some of the early work done with copper in regard to its 
hemopoietic functions. 
Relationship of Copper and Iron in Hemoglobin Formation 
Hart fil al. (1928) first demonstrated the role of copper in 
hemoglobin formation in animals. Elvehjem and Hart (1932) observed 
that when iron was added to the diets of anemic pigs on a whole 
milk diet there was a small temporary improvement in the hemoglobin 
content of the blood, but when copper was added in addition to iron 
a rapid and complete recovery was obtained. Later Elvehjem (1935) 
concluded that copper was not concerned with the assimilation of 
iron, but was involved with the transformation of the ingested iron 
into hemoglobin. 
Schultze, Elvehjem and Hart (1936b) found that pigs 
suffering from anemia, due to an iron deficiency, responded to 
treatment with iron only. However, pigs deficient "in both iron and 
copper could not form hemoglobin and erythrocytes when pure iron 
alone was supplied. In another study, Schultze, Elvehjem and Hart 
(1936c) reported that pigs with anemia due to iron and copper 
deficiencies contained extremely low levels of copper in the blood. 
By feeding 2 to 4 mg copper per day with iron a very rapid and 
significant increase in the copper content in the blood was 
3 
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produced. They suggested that a blood copper level as low as 20 ug/ 
100 ml is sufficient for a slow formation of hemoglobin, but hematopoi­
esis ceases if the level falls below 10 ug/100 ml in the young pig. 
Matrone (1960) concluded that iron plays a role in the 
synthesis of both heme and globin of hemoglobin, and copper is 
primarily involved in the formation and development of reticulocytes 
rather than in the synthesis of protoporphyrin and hemoglobin per�• 
Thus, it has long been estabiished that copper is necessary 
in the body in small amounts; however, the minimum requirement has 
not been defined. Beyond the suckling stage, it is assumed that the 
natural feedstuffs contain enough copper for hematopoiesis and normal 
Copper Source and its Effect as a Growth Stimulant 
The National Research Council (1968) lists the copper re-
quirement of a baby pig as 6 ppm. This level appears to be adequate 
for hematopoiesis. Ho-;,1ever, research has shovm that an added gro·wth 
response can be obtained by increasing the level of copper in the 
diet� Hawbaker�&• (1959) compared copper sulfate, copper 
chloride and sodium sulfate at various levels. The workers concluded 
the.+: the copper radical and not the sulfate radical was responsible•, 
for increased gain and feed efficiency. Supplemental ev idence obtained 
by Barber� nl. (1961) suggested that the effectiveness of copper in 
increasing growth is related to the amount of soluble copper in the -
intestine. 
Bowler� al. (1955) in a co-ordinated experiment involving 
a total of 182 pigs in eight centers observed a statistically 
significant increase in the mean growth rate of pigs fed a copper 
mineral mixture containing 250 ppm copper. Efficiency of feed 
conversion, although improved when copper was added, was not statisti­
cally different. Barber� al. (1957) also observed a growth re­
sponse from feeding 250 ppm copper as copper sulfate. When the 
level of copper was increased to 1�50 ppm or 2500 ppm, daily intake 
of feed decreased considerably and the animals failed to gain weight. 
However, as soon as the copper level was reduced to 250 ppm, satis­
factory intake and growth were resumed. The results obtained by these 
workers indicated that if the diet contains excessive copper in the 
sulfate form the pigs will compensate for this by reducing their feed 
intake. 
Using pure and commercial grades of copper sulfate at levels 
of 16, 62, 125 and 250 ppm copper, Lucas, Livingstone and McDonald 
(1961) , found that purity did not affect growth rate, feed conver­
sion, or carcass measurements. The two higher levels did, however, 
give �aster gains and better feed conversions than- 16 or 62 ppm 
copper. 
Allen!:! al. (1961) compared copper sulfate and copper car­
bonate at levels of 52. 5, 125 and 250 ppm copper. The growth-pro­
moting effect of copper was observed at all levels with the fastest 
rate of gain being produced by. the highest copper level. It was 
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concluded that copper carbonate was equally as effective as copper 
sulfate in increasing performance. 
Bunch��• (1965) in comparing the effects of copper 
sulfate, copper carbonate and copperMrnethionine at 250 ppm copper 
found that each treatment produced significantly faster gains than 
the controlso Pigs fed copper sulfate or copper-methionine gained 
more and required less feed per unit gain than did those fed copper 
carbonate, however, the differences_ among the copper sources ·were not 
significant. They observed that when the dietary level of copper 
was increased from 250 to 500 ppm there was a consistent depression 
in gain, hemoglobin level and ceruloplasmin activity. 
t-hr.:. n,.-ouin,,c: T"A!,:.:.111 re:. R;:l�.c: Pt- ,q1. (1 Q')A) 
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served a decreas�d gain and feed efficiency from feeding 250 ppm 
copper as copper sulfate added to a corn-soybean meal diet. During 
the 10-week trial one pig on the high copper ration died and 
exhibited signs o f  copper poisoning. In a second trial, using the 
same basal diet, copper sulfate was used to supplement the diet at 
levels of O, 100, 150 and 200 ppm of copper. A slight increase in 
performance was obtained from the 100 and 150 ppm levels. 
Wallace E! al. (1960) feeding a basal corn-soybean meal 
ration, with and without varying levels of copper as copper sulfate, 
reported no marked or consistent growth responses or feed savings at 
any level of  copper supplementation. Copper levels of 250 ppm and 
above proved toxic. Two hundred ppm supplemental copper did not 
6 
exert harmful effects on growth, but hemoglobin levels were signifi­
cantly decreased. The results obtained by Beames and Lloyd (1965) 
support these findings. Again pigs showed no response in growth rate 
due to the addition of copper sulfate to a grain-soybean meal diet. 
In a later trial Wallace� al. (1968a) fed shelled corn and protein 
supplement free-choice. The supplement was fortified with copper 
sulfate to furnish O, 2 50, 350 and 450 ppm of copper. These workers 
found that pigs consumed supplement and shelled corn in reasonable 
ratios at all copper levels. There was no indication that copper 
affected feed intake. E,:cept for one pen, being fed 350 ppm copper, 
there was no indication of a performance response from copper 
the highest level was calculated at 80 ppm which is somewhat less 
than the amount considered necessary for a growth response. 
In a review of many experiments conducted in the United 
States on high level copper supplementation, Wallace (1968a) summa­
rized that the greatest effect was on baby pigs. Copper sulfate, 
copper oxide, copper carbonate, copper chloride, and copper­
methionine all proved effective with copper sulfate having a slight 
advantage. Responses were obtained from levels of 50 to 375 ppm 
copper ·with levels above 250 ppm being excessive. The optimum level•, 
was not obvious. 
7 
Copper in its Antibiotic-Like Role 
Much research has been conducted both in England and the 
United States comparing the actions of copper with that of selected 
antibiotics. Barber, Braude and Mitchell (1955) compared a high­
copper mineral mixture, aureomycin and copper sulfate. All treatments 
were equally effective in significantly increasing rate of gain. The 
workers concluded that the increased gains were due to greater food 
consumption when the mineral mixture and aureomycin were fed and 
higher feed efficiency when copper sulfate was supplied. Supple­
mental evidence for this was supplied by Bellis (1961) when he 
supplemented rations with 125 or 250 ppm copper or 14.4  ppm 
aureomycin. Magnitude of increased growth rate was about the same 
with all treatments. He found some additive effect with 125 ppm 
copper and aureomycin, but not when 250 ppm copper was added to the 
antibiotic. 
Miller !:E_ al. (1969), in comparing 250 ppm copper with 
oxytetracycline and neomycin sulfate at 22 mg/kg diet, observed that 
the action of copper was very similar to that of an antibiotic sho�m 
by increased gains and decreased fecal bacterial count. Their data 
indicated that supplemental copper in the diet would produce a grow�.h 
response in the growing pig,but if fed continuously toxic effects 
would ensue. Other workers have found similar antibiotic-like 
effects from feeding supplemental copper. Hawbaker� �- (1961) 
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observed that 0. 1% copper sulfate in the diet increased the fecal mold 
and yeast count much as would an antibiotic. Barber� al. (1957) 
noted that 0. 1% copper sulfate in the diet decreased intestine and 
liver weights, although the response was less marked than that pro­
duced by 22 ppm chlortetracycline. 
The work of Braude et  al. (1962) , in a co-ordinated trial 
involving 21 centers, showed that 250 ppm copper was significantly 
more effective in producing higher gains and feed efficiency than 
was 11 ppm oxytetracycline. No further improvement was observed when 
both supplements were fed together. These resul ts are contradictory 
to those obtained by Hawbaker !:,! al. (1959, 1961) and Barber, Bra.ude 
and Mitchell (1960) who noted an additive effect when copper sulfate 
and a corranon antibiotic were fed together. 
Absorption, Storage and Secretion of Copper 
Schultze, Elvehjem and Hart (1936a) fed a basal diet con­
sisting of milk plus 0. 5 mg of purified iron to anemic rats. Var­
ious sources of copper such as wheat germ, alfalfa, brewers yeast, 
pork heart, pork liver and copper citrate were added to the basal 
diet so as to supply 0. 01 mg of copper daily. Rats receiving pure 
iron only died from anemia in all cases, while rats receiving the 
copper sources produced hemoglobin normally. The workers summarized 
that "the unavailability of dieta.ry copper is apparently of 1i ttle 
practical importance". 
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Mahoney � al. ( 1 955)  concluded that the capacity of pigs to  
excrete co pper is  somewhat limited . The maj or pathway for excretion 
of copper is through the bil i ary system with only smal l  quantities 
excreted through the kidneys . Buescher, Griffin and B ell ( 196 1 )  
ora l ly dosed nine crossbred barrows with two millicuries  of 64c u  
labe l l ed cupric carbonate , cupric oxid e or cupric sulfate . In a 
second tria l the same barrows received a dif ferent source of copper. 
No signifi cant differences were found in blood or plasma concen­
tration or total fecal output of 64cu.  A signif icantly greater 
amount of copper carbonate was excreted via the urine than of cop­
per oxide or copper sulfate . 
T n  � � t-1 1 n v  hv R m.rl ;m d e t  a l .  ( 196 1 )  it was obs erved that . - -
whether copper was given ·orally or intravenously, copper transfer 
across the intestinal wall occurred mainly in the small  intestine 
10 
and colon. More copp er was absorbed in the small inte stine wh en 
giv en as sulfa te , more i n  the colon when given as sulfide. Copper 
sulfate was absorbed more readily than copper sulfid e. The workers 
found that the f eces was the maj or route of excretion with 90 to 9 8% 
o f  the consumed copper appearing in the feces. The amount absorbed 
from the intestine tended to accumulate in the liver which appeared 
to function as a fil ter and accumulated a higher concentration than 
other organs of the body . Their experiments did not indicate whe ther 
the site of action was systemic , entaric, or both . 
Suttle  and Mi l l s  ( 1966a) , feed ing 750 ppm copper as copper 
carbonate wi th and wi thout 500 ppm z inc as zinc carbona te and 750 
ppm i ron as iron sul fate,  stud i ed the toxic i ty symptoms of c opper . 
Analyses were conduc ted to determine hemoglob in l eve l s  in  b lood , 
aspartate transaminase ac t ivi ty (AST) in serum and copper conc en­
trat ion in serum and l iver . After four weeks n ine of the 12 an imals  
showed some toxic i ty symptoms . A 2 to 5 fold  increase in serum 
copper and AS T  l eve ls were observed a long wi th jaund ice ,  decreased 
growth and hemoglob in l eve l s ,  and a microcyt ic hypochromic anemia .  
The add i ti on of  500 ppm zinc or 750 ppm iron wi th copper e l iminated 
jaund ice  and produced serum copper concentrat ion and AS T l eve ls  
approximately equal to c ontrol values . They conc luded that the 
l iver can remove copper from the bloods tream up to 300 ug/ 100 ml . 
Above th i s  l evel l iver damage occurs . 
Cass i dy and Eva ( 1958) feed ing copper at l eve l s  of  125 ,  250 
and 500 ppm wi th 400 ppm iron observed that copper conc entrat i on in 
the l iver increased wi th increas ing copper i ntake from the d i et .  
Liver i ron concentrati on decreased wi th increas ing copper l eve l s  
1 1  
even though iron intake remained constant . These workers conc luded 
that copper exerted a d epress ing effec t upon iron storage i n  the l iver 
and that an i nverse rela t i onsh i p  exi sts . The work o f  R i tch i e � al . 
( 1963)  conf i rmed these resul ts . 
1 2  
Tompsett ( 1940) conducted research with mice to study factors 
which influenced the absorP.tion of i ron and copper . Results showed 
that the� absorption o f  both i ron and copper was higher on a low 
calci um d i et than on a high calcium die t  and was increased by the 
add i t i on o f  2c i d  to the d i et .  The researcher con� luded that i ron 
and copper absorpti on probably occurs in the duodenum where the 
contents still have a pronounced acid reaction. 
Interacti ons Between Copper and Other Elements 
Allen !:.!. a.1. (1 958) fed 2 50 ppm copper as copper sulfate 
with and without 2 50 ppm zinc as z inc carbonate .  The growth promot-
J. l 1.� � .I.. J. �� '-
had no effect and the combinati�n of copper and zinc did not pro­
duce a be t ter growth response than copper alone . Liver-copper con- · 
centration was significantly higher in  the copper fed p i gs as com­
pared to the controls. \fuen z inc was ad ded to copper i n  the diet, 
the amount of copper stored in the liver decreased in c omparison 
with that found when only copper was fed. 3unch � !:-lo ( 1 9 63) ob­
served that there was cons i derably less iron in the l i vers of p i gs 
fed copper sulfate as compared to those fed copper oxide when each 
source suppl ied 250 ppm copper . Pigs rece i ving 250 ppm copper and · 
163  ppm zinc gained s ign i ficant ly faster than those fed the basal 
rat i on. When the diet was not suppl emented with z i nc, however, 
there was no response to copper. 
Feeding a corn-soybean meal rat i on with calcium at two t imes 
the National Research Counc i l ' s  recommendations, Ritchie et al. 
1 3  
( 196 1 )  studied the effects o f  adding copper at levels of  1 25 and 250 
ppm and zinc at 1 10 ppm. Gains in all treatments were significantly 
higher than controls .  Several pigs in the lot rece iv i ng 250 ppm 
copper showed symptoms of copper poisoning as indicated by severe 
anemia, hemolyti c  j aund ice, internal hemorrage , loss o f  weight , and 
i n  some cases death. Copper , although not as ef fective as z i nc, 
rel ieved the i nc i dence o f  parakeratosis. Zinc add ed to the d iet with 
copper decreased the i nc i dence of copper poison i ng. In a later 
trial under similar cond i ti ons Ritchi e � �• (19 63) confirmed these 
Hoefer � al. (195 8) conducted an experiment wherein they 
supplemented the basal ration with 50 ppm zinc, 100 ppm iron, o r  1 25 
ppm copper . Each treatment produced a higher average dai ly gain 
compared to controls w ith the zinc or copper add i tion showing the 
greatest res ponse. Parakeratosis was observed in the control and 
iron fed p igs wh i le copper and zinc alleviated the symptoms. The 
researchers d id no t find any dif ferences in hemoglob i n  and hemato-
cr i t  values between treatments. These results were conf i rmed in  a 
later tr ial by Hoefer 2,! al. (1960) where the basal d iet was sup­
plemented by e i ther 50 or 7 5  ppm zinc, 100 ppm iron ., 1 25 ppm copper, 
and calc i um at 0. 5 5 .,  1. 05 or 1. 3 1%. C opper had a signi ficant effect 
on growth , especially at  h igher calc i um levels. Parakeratosis 
2 4 9 0 4  8 · OUTH DAKOTA STAT,E UNIVERSITY· LIBRAR'Y 
occurred at al l three calc ium level s wi th the symptoms bei ng reduced 
by copper and completely el iminated by zinc . Iron was i neffec t i ve 
in  control l ing the d i sease . 
In  recent years research has ind icated that  molybdenum and 
sul fate may also be invo lved in  copper metabo l i sm. Kulwich et al . 
( 1 953 ) observed no response in  ga in or feed eff i c i ency when 200 ppm 
copper as copper sul fate , 1000 ppm molybdenum as sod ium molybdate , 
and 1000 ppm z inc as zinc sul fate were added to the d i et alone or in 
comb ina ti ons . Copper supplementat i on resul ted in  i ncreased k i dney 
and l iver copper values . Supplemental z inc d i d  not affec t these 
values ;  however, d ietary 100lybdenum marked ly increased t i ssue cop­
per concentrat i on .  In  a reverse manner , copper added to the h i gh 
molybdenum treatment caused consi derable  reduct i on i n  l iver molyb­
denum concentrat i on.  Zinc agai n  had no effect . In contrast ,  Kl ine ,  
Hays and Cromwe l l  ( 1 969) obtai ned lower l iver copper leve l s  by add­
ing 50  ppm mo lybdenum to a d i et conta ining 250 ppm copper . 
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No s i gni f i cant ga in  response was obtained by G i pp ,  Pond and 
Smi th ( 1 967 ) from feed ing supplemental copper , molybdenum, sul fate , 
or z inc ,  a lthough pigs in a l l  treatments tended to ga in  s l ower than 
the c ontrols . The e l ements were suppl i ed at levels  of 1 50 ppm cop­
per as copper oxi de ,  20 ppm molybdenum as sodium molybdate , 1000 ppm 
sul fate as sod ium su lfate , and 63 ppm zinc as zinc carbonate . Molyb­
denum and sul fate fed together tended to prevent the reduct i on i n  
rate of  gai n. The workers observed no .effec t  on copper s torage by 
feeding high levels o f  molybdenum, sulfate or zinc . Hemoglobin 
levels were not a f fected by any of  the treatments . 
1 5  
Hays and Kline ( 1969) conducted five experiments, one with 
lambs and four wi th  pigs, to study and compare copper-molybdenum­
sulfate interrelati onship s. I n  the lai,nb study they found that molyb­
denum and sulfate prevented copper accumulation in the liver and 
toxicity symptoms c Gains and feed conversion were not markedly 
affected by the treatments. In the pig experiments copper levels 
ranged from O to 500 ppm, molybdenum from O to 200 ppm, and sulfate 
from O to 10, 000 ppm. The workers observed that molybdenum and sul­
fate were inef fective in all trials in decreasing the liver uptake of 
... -- - - � - - �  ... - -- _ ,c .,t:! _ _  .._ - ..t:.  ,__ � -t-. - - - - - --
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levels on hemoglobin, he�atocrit, and rate of  gain . The researchers 
I 
also noted that  neither plasma copper nor muscle copper levels were 
influenced by any of the treatments. 
Relationship of Protein 
In a trial comparing soybean meal and dried skim milk as 
the protein sources w ith 250 ppm added copper, Gipp et  al. ( 1 969 ) 
observed. much lower hemoglobin and hematocrit values and approx­
imately a 25% increase i n  ceruloplasmin level from the dried s kim 
milk diet . Gains from each source were similar ; however, pigs fed 
the dried skim milk converted the i r  feed more efficiently . The 
workers concluded that diet composition had a great ef fect on the 
16  
response to supp lemental d ietary copper. 
Barber, Braude and Mi tchell (1962) noted a marked growth­
promoting effect when 250 ppm copper, as copper sulfate, was added to 
a diet containing an i ma l  protei n. This  response was lost when copper 
was added to an all-vegetable di et. Compari ng soybean meal, dr ied 
ski m  milk, and wh i te-fi sh · meal as the prote in sources w ith 600 ppm 
copper, Suttle and Mills ( 1966b)  observed toxi cosis only i n  p i gs re­
ce i ving whi te-f ish meal. Th is  prote in  source also produced the 
greatest growth depression. 
The data of Combs !:!_ al. ( 1 966)  showed that p i gs fed soybean 
meal diets wi th 22% prote in  had lower l i ver copper values than those 
& -.. ..,.1, _ .-... • 1,... _ _ _ _ _ _  1 .3 � _ .&.... _ __ ! .... 1- 1 J. o-1 -· __ _ � _ !! _ - ··- __ .! ,_ 1_ _ .... _ _  ! ... -. - - • t -
_ .._ ,._ ..,.. .., J _, __ .,� ..._ • ._ '-- • y ,.. ..,_  .. ...,. ,., .a. � " •  • -.. ; .,;  JJ.L V � '-' • '-& V L  ff .A. "'"' " ' \,,,. -.. U "- • & &.  "4-:> "- '- L C  .> V U .l.. '--' C  
o f  protein. Each diet contai ned 250 ppm copper . McCal l  and Davis 
( 196 1)  and Wallace et al. ( 1 9 60 )  obtained s i m i lar results. The McCall 
and Davis team postulated that the action of protein  was both in the 
i ntestinal tract where a regulation of copper absorption occurred and 
i n  the liver where there was an increased elimination of copper as 
the concentration approached the toxic level. Bunch et al$ (196 1 )  
and Wallace � !:.! • ( 19 68b ) ,  on the other hand , observed no signif­
i cant interaction between prote in leve l  and added copper sulfate on 
gain, feed eff i c iency or copper storage. 
Effects of Copper on the Carcass 
Bes i des the usual . loweri ng of hemoglobin and hernatocrit 
va lues and the increased liver copper storage associa ted with feed ing 
high leve ls of copper, researchers have discovered other responses . 
1 7  
Barber !:! �• ( 1 9 60 ) observed that  supplementing the diet with 250 ppm 
copper as copper sulfate significantly increased dressing percent and 
decreased carcass length. Supplemental evidence supplied by Barber 
� al. ( 19 6 1 )  confirmed these results. However, the workers in this 
trial noted that supplemental copper had an adverse effect on grade. 
The research of Luc as and Calder (1957 ) and Allen� al. (1961) 
showed that p i gs fed d iets containing 250 ppm supplemental copper 
dressed higher, but the treatment had no effect on grade. 
The studi es of Hawbaker � .el• ( 196 1 )  revealed that  there was 
no sign ificant difference in the copper content of the longissimus 
dorsi muscle between pigs fed a basal corn-soybean meal ration and 
those fed the control ration plus 250 ppm copper. Bunch � al. ( 1 96 1 ) , 
on the oth er hand , found a marked increase in the t issue copper content 
of pigs fed diets supplemented 1rith copper sulfate. These researchers , 
ho·wever,  were s uppleme11ting the di et with 37 5 ppm copper and may have 
surpassed the physiological limit of the liver to remove copper from 
the b lood . 
Taylor and Thornke ( 1 964 )  found that 250 ppm copper in the diet  
produced a s i gnificantly highe� iodine number of the backfat. The 
average backfat th i ckness was not_ influenced by copper supplementation. 
These workers pos tulated that high levels of copper might influence the 
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absorption of  dietary fat and also influence the transport o f  depot fat. 
In addition, high levels o f  copper found in the liver may interfere with 
the normal liver functions with respect to fat me tabolism. In a compre­
hensive study on backfat properties, �bore � al. (1969) observed that 
the ratio of o leic acid to stearic acid in llhole backfat was higher in 
pigs receiving copper supplementation than in control pigs. The mel t­
ing point o f  the backfat was lower in the copper fed pigs. The re­
searchers concluded that the differences observed in the physical prop­
er ties of backfat from copper fed pigs are due mainly to dif ferences in 
positional distribution o f  fatty acids wi thin the triglyceride rather 
than differences in gross fatty acid composition. 
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MATERIALS AND METHODS 
Th e s tudy reported here consis ts of two different trials con­
ducted at the South Dakota State Univers i ty Swine Unit . All pigs used 
in these tr i a l s  were predominantly Hampshire X Yorkshire crossbred 
p i g s  from the University breeding herd. 
Collected  data were analy zed statis tically by the method of 
least squares analysis (Harvey, 1960) .  
Trial I 
In  trial I ,  which was conduc ted during the winter months, 7 2  
crossbred pigs were randomly allotted from ou tc ome groups on the 
bas i s  of l i tter . weight and s ex into 12 lots of six p i gs each. Three 
replicated l o ts received · each of the four d i etary treatments . Each 
lot contained three barrows and three gilts  averaging 1 8  kg initial ly. 
The exper i mental animals were housed in 2.4 by 3 . 0-meter i ndoor pens 
wi th access to automatic s elf-waterers . Each of these pens was con­
nec ted to individual 2 . 4 by 4.9-meter concrete surfaced outdoor run­
ways by means of an upward swi nging door . A 1 50 kg capac ity self­
feeder was suppl i ed in each outsid e lot .  
Al l d i e ts were mixed a t  the Un i versity feed unit in a twin 
spiral vertical mixer � The vitamin premix and mineral mixtures were 
prewe ighed and mixed with a diluent before being added to the mixer 
wi th the other ingredi ents . Composition of the for tified corn-soy­
b ean meal basa l  ration is shown in table 1 and the chemical analysis 
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is recorded in table 2. The rations were re_duced in protein, calcium 
and phosphorus content when the pigs reached an average weight of 54 
kg. Records were kept on all feed consumed and feed was weighed back 
when the rations were changed and at the end of the trial to calculate 
feed intake and feed conversion. The pigs were weighed b i -weekly to 
follow growth progress during the trial. When a replicate reached an 
average weight of 9 1  kg the animals were removed and slaughtered at 
the University meat leboratory following a 24 hour shrink. 
The treatments in this trial were : 
1 .  Basal ration (control) .  
2 .  Basal ration plus 250 ppm copper. 
3 .  Basal rat ion plus lOU ppm iron and 1.00 ppm z inc. 
4 .  Basal ration plus 2 50 ppm copper, 100 ppm iron 
and 100 ppm zinc e  
Copper was added as copper sulfate, iron as iron sulfate and zinc as 
zinc oxide. 
Blood samples were collected in heparinized tubes from each 
pig by anterior vena cava puncture after they had been on trial 26 
days and again at time of slaughter using the method descri bed by 
Carle and Dewhirst ( 1 942) .  Hemoglobin and hematocrit determinations 
were made within 4 hours after bleeding. The plasma was removed fol­
lowing centrifugation and stored frozen until analy zed for copper and 
zinc concentration and glutamic-oxalacetic transaminase (GOT) act-
ivi ty. 
' TABLE 1 
C OMPOS ITI ON OF BASAL RATIONS (PERCENT) 
To 54 kg 54 kg to i'-Iarket 
Ground yellow corn 79. 4 89. 8 
Soybean meal ( 50%) 17.7 7 . 9  
L i mestone 0. 5 o . s  
Dical c i um phosphate 1.7 1 . 1  
wnite salt 0 . 5  0 . 5  
Premixa 0 . 2  0 . 2  -
C alcul ated ana lysis 
Protein, (%) 16. 0  1 2. 0  
Ca lcium, ( %) 0. 65 o . s  
Phosphorus ,  ( %) 0.65 o . s  
aProvided 29 70 I .  U .  vitamin A,  440 I .  U. vitamin D ,  4 . 4  mg riboflavin , 
8. 8 mg calc i um pantothenate, 1 9 . 8  n\g niacin , 22 mg chol ine chl oride 
and 15. 4 ug v i tamin B12 per kg of ration. 
TABLE 2 
CHEMICAL ANALYS IS OF BASAL RATI O�� 
2 1  
Protein (%) C opper (ppm )  Z i nc ( ppm) Iron (ppm) 
Trial I 
First period 15 . 7 8  6. 6 27 . 6  140 . 0  
Second period 1 2. 37 7. 0 64. 0  322 . 0  
Trial I I  
Firs t  mi x 10 38 1 94 
Second mix 7 33  146 
Third mix 6 3 1  122 
Fourth mix 7 40 137  
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Hemoglobin was determined by the cyanmethemoglobin method of 
Crosby, Munn and Furth (_195� ) .  Hematocrit was measured using an Adams 
Autocrit microcentrifuge equipped with a microhernatocrit circular 
reader. 
Plasma copper and zinc concentrations were determ i ned by wet 
ashing 10 ml plasma in 20 ml redistilled nitric aci d and 1 ml per­
chlor i c  aci d. The digest was diluted to 10 ml and compared to 10% 
perchloric acid standar d solutions by atomic absorption spectropho­
tometry (Perkin- Elmer, 1968 ) using a Perkin-Elmer model 303 Atomic 
Absorption Spectrophotometer. GOT activity was determined by the 
TransAc (General Diagnostics, 1 968 )  technique. 
- . ..  · - � . .. _ .. _ . _ .a,_ _ 4 _ _  .. 
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at slaughter and stored frozen until analyzed. Liver copper a!ld zinc 
concentrations were determ i ned by atomic absorption spectrophoto­
metry . A 0 . 5  g dry weight sample was digested in 20 ml redistilled 
nitric acid and 1 ml perchloric acid. The digest was made to a vol ­
ume of 1 0  ml  and d i luted fur ther where necessary to place - read ings in 
the operating range of the machine. Dilutions were made with 10% 
perchlor i c  acid solution to correspond to standard solutions. 
After carcasses had ch illed for 24 hours, a backfat sample 
was col lected from the second to fifth lumbar vertebrae, bagged and . , 
frozen for future analysi s .  Iodine number determinations were made 
on the backfat samples by the method o f  Jacobs ( 1 958) . 
Trial I I  
Trial II util i zed 120 crossbred pigs averaging 22 . 7  kg 
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initially, and was conducted during the summer of 1 969. The experimen­
tal design was a 2 X 2 X 2 factorial involving two levels of copper 
(O and SQQ . ppm) , two levels of molybdenum (O and 50 ppm) and two levels 
of zinc and iron (0 and 100 ppm each) . The e i ght treatments were rep­
licated three times with five animals per pen. The pigs were randomly 
allotted from outcome groups on the basis of litter, weight and sex , 
and housed in 1 . 8  by 2 .4-meter portable buildings connected to 1. 8 by 
3 . 7-meter con crete surfaced outdoor runways. A 1 50 kg capacity self­
feeder and 300 liter water tank were provided in the outdoor portion 
of each pen with feed and water supplied ad 1ibitum . 
The basal diet was the same as that used in trial I (table 
form of additions to the basal ration are given in table 3 .  The diets 
were mixed and growth and feed data were colle cted as described in the 
previous trial . 
Animals which died while on experiment were taken to the 
Veterinary Diagnosti c  Laboratory for ne cropsy examinations. Average 
dai ly gai n  and feed consumpt i on data were calculated only for those 
pigs finishing the experiments. Feed consumption data were corrected 
for death losses by subtracting an average value of the feed consumed 
to the time of death. 
Blood samples were obtained after the pigs had been on trial 
23 days and again at slaughter. Sampling and analytical procedures for 
blood, liver and backfat were ·as described for trial I .  
TABLE 3 
SUPPLEMENTAL TREATMENTS USED IN TRIAL I I  
Treatment 
2 3 4 5 6 7 8 
Coppera , ppm 0 0 0 0 500 500 500 500 
Molybdenuma , ppm 0 50 0 50 0 50 0 50 
Zinc a , ppm 0 0 100 100 0 0 100 100 
Irona , ppra 0 0 100 - 100 0 0 100 1 00 
aCopper as copper sul fate , molybdenum as sod i um mo lybdate , z i nc as 
z inc oxide , and iron as iron sul fate . 
Al ong wi th a bac k fat sample c o l lection after a 24 hour ch i l l ,  
carcass measurements were also obtained .  Bac kfat measurements were 
taken at the f i rst r i b ,  last ri b and last lumbar vertebra to ca lculate 
an average backfat th i cknes s .  Length o f  the carcass  wa s determined by 
measuring the d i stance from the f irst ri b to the a i tch bone . 
Dur i ng processing o f  the c arcas ses , long i ss i rnus d ors i musc le 
tracings were taken between the 10th and 1 1 th ribs and the mu sc le area 
was determined by means o f  a planimeter .  
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RESULTS AND DISCUSSION 
Trial I 
A summary of  the results of trial I is presented in table 4 ,  
and analysis o f  variance for average daily gai n ,  feed consumpcion and 
feed efficiency is shown in tables 5 and 6. The pigs in the first 
replicate were heavier at the beginning of the trial and gained 
faster (P<. 025) than the corresponding groups in the other two repli­
cates except when the combination of copper, iron and zinc was fed. 
Average initial weights were 20, 18 and 16 kg for replicates one, 
two and three, respectively. Pigs receiving rations containing 
either 250 ppm supplemental copper alone, 100 ppm iron and 100 ppm 
zinc combined or a combination of copper , iron and zinc at the above 
levels gained significantly (P<.005) faster and consumed signifi­
cantly (P<. 005) more feed than did the pigs fed the basal diet. 
Average daily gains were . 58 ,  . 74 ,  .74 and .78 kg/day and feed con­
sumption averaged 2.05, 2 .70, 2. 62 and 2 . 62 kg/day for pigs fed the : 
(1) basal, (2) copper, (3) iron and zinc or (4)° copper, iron and 
zinc diets , respectively. No significant differences in feed ef­
ficiency were observed between the treatments. Similar results were 
obtained · by Hawbaker � al. (1961) and Lucas and C alder (1957) who 
reported increased g ains with the inclusion of 250 ppm copper in the 
diet of growing pigs. Allen et al . (1961) and Barber et al . (1960) - - - -
reported increased gains and feed consumption, but also observed 
improved feed efficiency values when pigs were fed diets supple-
.No . 
Avg 
Avg 
Avg 
�v g 
Avg 
TABLE 4 
PERFORt--f..ANC E OF P IGS FED SUPPLEMENTAL C OPPER , 
IRON AND Z I NC (TRIAL I )  
of pigsb 
in i t .  
final 
da i l y 
u a  .r. J. j  
wt . ,  
wt . ,  
gain , 
- �· 
� \: l;: (J ' 
feed/gain 
kg 
kg 
kg 
.t.'\.e, 
(1) 
Rep Basal 
1 8  
Avg 18. 1 
Avg 77 . 1  
1 . 66 
2 . 55 
3 . 52 
_ Avg . 58 
A v 5 
') f'. � 
'- • V J 
1 3. 25 
2 3 . 61 
3 3 . 7 9 
Avg 3 . 55 
( 2 ) (3) 
Basal + Basal + 
Cua Fea and 
zna 
1 8  1 7  
1 8. 2  1 8 . 1  
9 3. 4  9 3 . 5  
. 80 . 7 9 
. 7 7  . 7 5 
. 65 . 69 
.74 . 74 
4' )  ... , /' \  2 . ·5 :2  
3. 57 3. 49 
3 . 38  3 . 57 
4. 04 3. 51  
3. 6 6  3 . 52 
26 
(4) 
Basal + 
Cu , Fe and 
Zn 
1 8  
1 8 . 1 
9 8 . 0  
• 7 7  
. 81 
. 7 6 
• 7 f.3 
') r,:. - �  - '-' - -
3. 33 
3 . 25 
3. 33  
3. 30 
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TABLE 4 (C ONTINUED) 
( 1 )  (2) ( 3 ) (4)  
Basal + Ba sal + Basal + 
Rep Basal Cua Fea and Cu, Fe and 
zna Zn 
Eematocri t (%) 
26 days Avg 39 . 25 3 9 . 86 40. 1 8  40 . 97 
End of trial Avg 43.19 46.08  46. 05 47 . 83 · 
Hemoglobin (g/ 100 ml) 
26 days Avg 1 2  .._23 1 2 . 38 12. 3 1  12 . 7 1  
End of trial Avg 1 3.03  1 3 . 7 1  14 . 03 14 . 4 1  
GOT ac ti vi ty 
26 days Avg 5 2  5 6  53 54 
End of trial Avg 56 87 82  72  
Plasma copper, ppm 
26 days Avg 1.47 1 . 81 1 . 6 1  1 � 7 8  
;:n� u f  ;_:.:- l a l  � "". 'f" r:- l :: 'jt� L C :!. � L '° l '.'1 '!. � j !._  .. � • o  
Plasma zinc, ppm 
26 days  Avg 0. 54 0.70 1 . 44 1 . 34 
End of trial Avg 0. 83 o .  7 6  1 . 17 1 . 24 
Liver copper, ppm Avg 17 446 22 175 
Liver zinc, ppm Avg 1 7 7  1 67 318 344 
(dry basis )  
Iodine value Avg 64 . 1  68. 0 62 . 9  64 . 2 · 
(back fat )  
acu = 250 ppm copper, Fe � 100 ppm iron , Zn = 100 ppm zinc. 
bThree lots o f  6 pigs  each per treatment. One pig died in treatment 
3, data not i ncluded. Initi al weights averaged approximately 20 , 1 8  
and 16 kg for replicates 1 ,  2 and 3, respectively . 
Source of Var iat i on 
Total 
Reduction 
Mu 
Treatment 
Sex 
Repl icat ion 
T X S 
T X  R 
S X R 
Error 
TABLE 5 
ANALYS IS OF VARIANCE FOR 
AVERAGE DA ILY GAIN  (TR IAL I) 
d f  
7 1  
18 
1 
3 
1 
2 
3 
6 
2 
53 
TABLE 6 
f\�ean Square 
991 . 7 790 
17 421. 5 180 
7 1 .0702;',-1, 
7. 15 10 
26 . 32l� l ;•, 
5. 5240 
5.02 16 
2 .  254. 3 
5 . 6526 
ANALYS IS OF VAR IANCE FOR FEED EFFIC IENCY 
AND FEED CONS U��TI ON (TR IAL I )  
Source of 
Variat ion df 
Totar 11 
Treatment 3 
Replicati on 2 
Error 6 
** ( P (. 0 1 )  
Feed Efficiency 
Nean Square 
0.0680 
0 . 0763  
0 . 0396 
Feed Consumption 
Mean Square 
1 .  333 51n': 
0. 1306 
0 .0 5 13 
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A higher incidence of parakeratosis was observed in the pigs 
fed the basal diet alone, which may have accounted for the lower feed 
intake and reduced. gain. Pigs with a heavier initial weight were less 
severely affected than those of a lighter starting weight. Copper in 
the diet reduced the severity of skin l esions associated with the 
disease, while  iron and zinc completely prevented these lesions. 
Ritchie 2! al. (1961, 1963) , Hoefer � al. (1960) and Wallace !:! al. 
{1960) also reported fewer and l ess severe cases of parakeratosis 
when 250 ppm copper was included in the diet. 
The statistical significance of hemoglobin and hematocrit is 
shown in table 7. Hemoglobin and hematocrit values were not signifi­
cantly affected by any of the dietary treatments at the first bl eed­
ing which was taken after the pigs had been on the experimental diets 
26 days. Each of the three treatments however, produced higher 
values than observed for the controls. Values obtained for hemo­
globin (g/100 ml) and hematocrit (percent) for the various treatments 
were : (1) 12. 23, 39 . 25 ;  ( 2) 12.38, 39. 86 ;  (3) 12. 31, 40. 18 and 
(4) 12. 71, 40. 97. Significant differences were observed due to sex of 
the animal, with gil ts having higher (P(. 005) hemoglobin and higher 
(P(. 10) hematocrit values than did barrows. At the time of slaughter, 
significantly higher (P (. 005) hemoglobin and higher (P(. 005) hema to­
crit values were noted due to treatment. Observed values were : 
(1) 13. 03, 43. 19; (2) 13. 71, 46 .QB ; (3) 14.03, 46. 05 and (4) 
14. 41, 47. 83. The diet with added copper, zinc and - iron (diet 4) 
produced the highest values. Sex effects were not significantly 
TABLE 7 
ANALYSIS OF VARIANCE FOR HEMOGLOB IN AND HEMATOCRIT 
AT THE 26-DAY AND FINAL BLEEDING (TRIAL I )  
Source of 
Var i ation df llS 
Total 
R0duct i on 
Nu 
Treatment 
Sex 
Repli cation 
T X  S 
T X  R 
S X R 
T X  S R  
Error 
7 1  
24 457 .4930 
1 10853. 2930 
3 . 786 6 
1 5 . 5 7 9 17•* 
2 5 • 37 6Q;'n':-
3 . 4610 
6 . 981 1 
2 . 447 1  
6 • 3 1 8 2 
47 . 67 9 7  
565  . 1 1 88 
1 3422 . 9 190 
6 . 1 5 29 1·* 
. 29 6 7  
6 . 57 29 
. 8 64 9 
1 . 4870 
1 . 547 2 
. 507 1 
. 9 60 2  
al =  26 -day bleeding, 2 = final b leed ing. 
H ct 1 
HS 
47 60 . 0 2  
1 13221 . 49 
9 . 25 
1 2 . 45 
6 .43 
3 . 29 
4 . 96 
6 . 9 6  
2 . 60 
4 . 86 
H ct 2 
MS 
6224 . 1 5  
147 893 . 9 2  
66 • 38;'d, 
. 0 1  
10 . 32 
. 83 
10 . 9 2  
1 5 . 38 
3 . 25 
6 . 9 3  
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different at the second bleeding . These results are contradictory 
to those of other researchers (Bunch et al., 1963; G ipp et al., 19 69; 
. . - - - -
Miller !:! · al. , 1969 ; Ritchie � al. , 196 3 )  who found that 2 50 ppm 
copper included in the diet depressed hemoglobin and hematocrit 
va lues . 
The assay of GOT and certain other en zymes in serum have 
been widely used in clinical diagnosis, since tissues, particularly 
heart and · liver, undergoing degeneration release these enzymes into 
thG bloodstream (Dixon and Webb, 1964) . One unit is defined as the 
amount of enzyme in 1 liter of plasma that will form 1 umole of 
oxal acetic acid in 1 minute under the conditions of the assay. Since 
" ry  _, - &  _ ., "' _ _ _  - - -i - ,.,n -- : - . .  &,... - : - - .. ..  1,..-.. _ ,_ : __ -- · - - - · · - - ....:t  : _  .. 1- _  - - - - · -
..., .... . _  ,.,.,...J,. ._, _  y - - a.J • • �  -- • - - 1..- ....,. -. ,.. l _, _ ,_ � -..,.. '- _ .._ ._ .,_. ....,_ ,_,  _ _  ..., _ • •  • • - - - - - - - - • •  ,_. .,. ., \or.,..  _ _  ...., _J .,, 
1 unit formed 1 x 0. 2 x 20/1000 or 0. 004 umoles of oxalacetic acid. 
The statistical analyses for GOT activity and plasma copper and zinc 
concGntration are given in table 8. GOT activity was not signifi­
cantly affected by any treatment at either bleeding. However, 
sli ghtly hi gher values were observed at the second b leeding for pigs 
fed all combinations of the treatment minerals when compared with 
the controls. Average values were : 56 on the contro l  diet, 87 on 
the copper supplemented diet, 82 on the zinc and iron supplemented 
diet and 7 2  on the diet containing the combination of minerals. 
Plasma copper was significantly (P(. 0 0 5 )  increased when 250 
ppm of copper was included in the diet. Pigs with copper in the diet 
had 16% more copper in the pl�sma when compared with those fed the 
basal diet alone. Zinc and i ron included with copper in the d iet did 
3 1  
Source o f  
Var .iat i on d f  
To tal 7 1  
Reduc t i on 1 8  
Mu · 1  
Treatment 3 
S ex 1 
Repl i ca t i on 2 
T X  S 3 
T X R 6 
S X R 2 
Error 53 
"' ( P(.05)  
-1...:, (P (. 0 1 )  
TAl3 LE 8 
ANALYS IS OF VAR IANC E . FOR GOT , PLASMA C OPPER AND PLASMA Z I NC 
AT THE 26-DAY AND F I  AA!. BLEEDING (TR IAL I ) 
GOT 1a GOT za Cu l - ~cu 2 Zn- 1 
hS i:,15 .� ) M!� 1''� 
1 1 560 . 87 2347 8 . 65 10 . n 2 1  1 7 . 7 607 4 . 5 594 
201 227 . 02 384309 . 81 19 2 .  B81  3 14 . 6585 7 0 . 3 .546 
68 . 33 32 15 . 7 2  • 'i '4.70;'6', • 88li.9;b'" 3 . 448J;'d( 
1 363 . 29','r-,'( 1 1 56 . 80 • > )29  . 2503 . 0308 
7 82 • 27 ;'r 5005 . 26�·, . D 1 6  . 0647 . 1023 
39 .08  1 9 25 . 23 • ] )7 1 . 1 1 94. . 0088 
228 . 50 866 . 49 • . :) 1 83 . 1 349 . 0922  
87 8 .49-Jt 600 . 60 . o  3 52  . 0 3 1 8 . 0 347 
1 57 . 80 1 225 . 5 3 .0 7 32 ., 0844 . 0354 
a.1 = 26-day b l eed ing ,  2 =  f i nal bleed i ng .  
'• 
Zn 2 
1C;S 
4 . 1 5 7 5 
7 1 . 07 69 
l . 0449;'(;'r 
. 0024 
. 1 295 
. 0203 
. 0743 
. 06 17 
. 0 5 2 5  
w 
N 
not decrease the amount of copper found in the plasma. _ In con tras t, 
Suttle and Mills {1966a) found that 500 ppm z inc added to diets 
containing 7 50 ppm copper returned serum copper to levels typical of 
control p igs. Copper concentration in the plasma increased with age 
of the pig on all treatments . 
Plasma zinc was also increased significantly ( P (. 00 5) when 
zinc was added to the diet. Copper included in the diet ., either 
alone or with zinc and iron, had no significant effect on zinc 
concentration in the plasma . However , there was a slight tendency 
for copper to increase zinc in the blood at the fir s t  bleeding. 
Plasma zinc values in ppm at the 26  day and slaughter bleedings by 
+--,...� ........ ,... ... ....  -- ---- - · · · - --· -- -
(4) 1 . 34 ,  1 . 24 .  
/ 1 \ � �  Q � • / ? \  � n  � � • / � \  1 � �  1 1 7  � - A 
� --- �  - - . ,  ...- - - ,  , - ,  ... .  .._ , ,. _  - :>  , - , - - · · - ;,,,  - v - .. .......... . _ 
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Analysis of  variance for liver copper, liver zinc and iodine 
value of backfat i s  shown in table 9 .  Pigs fed d iets containing 250 
ppm copper had significantly {P (.005) higher liver copper levels . 
Copper levels in the livers from pigs fed the basal rat i on were 
approximately 20 ppm compared to 446 ppm for those pigs receiving 250 
ppm copper in thei r diets . When zinc and iron were included in the 
diet along with copper, the average copper level in the l iver was 
reduced to 17 5 ppm . No visible signs of copper toxicity were observed 
in this trial .  The resul ts of other workers (Allen et al • •  1958 ; 
Barber 2E_ al . ,  1960) agree wi th these findings . However , these 
researchers were supplementing the diet with copper and zinc each a t  
level s of 250 ppm. In contrast, Gipp � al. ( 1 96 7 ) ,  feedi ng 150 ppm 
TABLE 9 
ANALYS IS OF VAR IANC E FOR L I VER C OPPER , 
LIVER ZINC AND I ODI NE VALUE OF BACKFAT ( TR IAL I)  
Source o f  
Var iat i on 
Total 
Reduc t i on 
Mu 
Treatment 
S ex 
Repl icat i on 
T X S 
T X  R 
S X R 
Error 
.,,_. f 'O ✓ . {) t; \  .... - ' ., . , 
d f  
7 1  
18  
1 
3 
1 
2 
3 
6 
2 
53 
L Cu 
HS 
257 743 
19 1 5863 
7 220241n': 
1 5354 
37090 
197 66 
56671 
826 
241 8 1  
L Zn I OD 
NS 
275790  1 667 9 . 45 
44687 42 298590 . 82 
1 5 2006�'d: 81 . 09,•:,'.-
1 3 68  3 . 16 
4909 31 . 23,•.-
558 4 . 19  
51 83 15 . 46-;.': 
1 71 7  .06 
2050 6.27  
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copper and 63  ppm z inc, observed no decrease in liver copper val ues 
when zinc was added to the. diet . 
Zinc in the diet  s ignificantly (P ( . 005) increased the 
concentration o f  zinc in the liver . Copper added to the diet with 
zinc did not s ign i f icantly affect liver zinc values . De termined 
values for liver z i nc due to treatments were : ( 1) 1 17 ppm; (2) 167 
ppm; ( 3) 3 1 8  ppm and (4) 344 ppm. 
Copper suppl emented in the diet produced a significantly 
(P(. 005 ) higher iodine value of the backfat. Pigs fed the basal d i et 
had an average iodine valu e  of 64 . 1 compared to 68. 0  for the pigs 
receiving 250 ppm copper in their diet. When z i nc and iron were 
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value d ecreased to a value equal to that of the control pigs. S i mi­
lar resu l t s  vere obta ined by Taylor and Thomke (1964), who observed 
val ues of 6 1 . l and 6l ... O for p igs on a control d iet and those receiving 
250 ppm c opper , respect i vely. Elliot and Bowland (1968) observed 
signi fic�nt increases in 16 : 1  and 1 8 : 1  fatty acids wi th corresponding 
d ec reases in 1 6 : 0  and 1 8 : 0  acids in the backfat of pigs fed diets  
supplemen ted wi th 280 ppm coppe1.q .. This could  account for the higher 
iodinG va lues obtained in copper-fed pigs . 
Trial  I I 
A su1�'!lary of the ga in and feed conversion data of tr ial I I  
is shown i n  table 10, and the .statisti ca l  ana lys i s  in  tabl es 1 1  and 
12. Some variability was observed bet-ween pens in daily feed con-
sumption and feed e fficiency, however, average differences were small 
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TABLE 10 
EFFECTS OF FEEDING H IGH LEVEl.S OF COPPER , MOLYBDENUM, 
ZINC AND IRON ON GROWTH AND FEED C ONSUMPTI ON ( TR IAL I I )  
( 1 )  ( 2 ) (3) (4)  
Rep Basa l Moa zna+Fea Mo , Zn-1-Fe 
No . of p i g sb 1 5  1 5  15 1 5  
Avg i 11. i  t .  wt . ,  kg Avg 23. 3 23 . 3  2 3 . 4  23 . S  
Avg f inal wt . , kg Avg 8"8 . 4  88. 3 96. 5 94 . 3  
Avg da i ly ga i n ,  kg 1 . 70 . 70 . ss . 7 9 
• 63 . 66 . 74 . 7 6 
• 7 7  . 7 3  . 7 8 . 74 
Avg . 70 . 70 . 7 9 . 76 
Avg daily feed, kg Avg 2 . 44 2 . 42 2 . 7 1  2 .53  
Avg feed/ gain  1 3. 55 3 . 49 3. 47 3. 31 
3 . 59 3 . 60 3 . 27 3 . 3li. 
3. 36 3 . 34 3. 58  3 . 29 
Avg 3. 50 3. 48 3 . 44 3 . 3 1  
TABLE IO (C ONTI NUED) 
(5 )  ( 6 )  ( 7 )  ( 8 ) 
Rep Cua Cu+.do Cu  C u , Ho ,  
Zn+Fe Zn+Fe 
No . of  p igs  b 14 1 3  1 5  1 5  
Avg i n i t. wt . ,  ko· 0 Avg 23 . 4  23 . 7  22 . 9 23 . 2  
Avg f i nal  wt . ,  kg Avg 85 . 3  84 . 5  87 . 5  87 . 0  
Avg da i ly ga i n ,  kg 1 ;74 . 7 1  . 77 • 7 5  
2 . 64 . 68 . 59 . 7 3  
. 6li. . 5 8  . 7 3  . 59 
Avg . 67 . 6 5 . 7 0  . 69 
Avg dai ly feed , kg Avg 2 . 37 2 . 43 2 .47 2 . 36 
Avg feed/ga in 1 3 . 4 1  3 . 48 3 .. 50 3 . 47 
� _ (,.Q 'l .  {-. t:,  � 'lO ., '> A  
3 3 . J2 4 . 06 3 . 69 3 . 50  
Avg 3 . 54 3 .7 3  3 . 53 3 . 42 
aHo = 50 ppm mo lybdenum, Zn = 100 ppm z i nc ,  Fe -- 1 00 ppm i ron , 
Cu = 500 ppm copper . 
37 
bThree replicate lots of  5 pigs each per treatment .  Three p igs  d ied 
and data not i nc lud ed . I n i t i a l  we ights averaged approximate ly 28 , 
20 and 2 1  kg . 
TABLE 1 1  
ANALYS IS OF VAR IANCE FOR 
AVERAGE DAILY GAIN  ( TR IAL I I) 
38 
Source of  Var i ation d f  r-lean Square 
Total 
Reduction 
Hu 
Replication 
Copper 
R X  C 
Holybdenum 
R X  M 
C X :V 
R X C X M 
Zinc and I ron 
R X  Z 
C X Z 
- --
!\ A \ -,  A ,,. 
M X z 
R 'IT A M ,:, J\, z 
C X �1 X z 
Error 
1• (P<. 05 ) 
--,h'c (P(.0 1) 
Source of 
Variat i on 
To tal 
Treatment 
Replication 
Error 
1 17 
22 
1 
2 
1 · 
2 
1 
2 
1 
2 
1 
2 
1 
,., 
'-
1 
2 
1 
95 
TABLE 12  
13.0359 
281 . 1 639  
• 327 1 -,',--,'c 
. 50Q31dc 
. 1345 
. 0 19 6  
• 202 6"k 
. 0000 
. 0456 
. 4014�n'( 
. 0228 
. 07 53 
. 0026 
. 0 17 9  
.0097 
. 0467 
AN..\LYS IS OF VAR IANC E FOR FEED EFF ICI ENCY 
AND FEED CONSmiPTION (TR IAL I I )  
d f  
23  
7 
2 
14 
Feed Efficiency 
Mean Square 
. 0434 
. 0456 
. 0 220 
Feed Consumption 
Mean Square 
. 1894 
. 63 65 
. 1679 
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and insignificant. Ranges in feed consumption of 2. 36 to 2.7 1  kg/ day 
and 3. 31 to 3.73 feed/gaih were noted with a slight trend for pigs 
being supplemented with 500 ppm copper to consume less  feed and to 
convert their feed less  efficiently. Significant differences (P (. 005) 
were observed in average daily gains due to replication. The pigs in 
the first replicate were heavier when they were put on trial and con­
tinued to grow faster than the other two replicates. As in trial I, 
this response may have been due to a lower incidence of parakeratosis 
in  the heavier pig s. Pigs fed zinc and iron alone had the highest 
(P(. 005) average daily gains. While molybdenum alone had no effect 
on weight gain, it tended to negate the increase in gain attributable 
to the feeding of zinc and iron. Gains averaged approximately 12% 
less when 500 ppm copper was included in the die ts. Copper alone, or 
i n  combination with molybdenum, in the diet resulted in pigs gaining 
significantly less (P(. 005) than . those fed diets without copper. 
Bunch � al. (1965) , Hays and Kline (1969) and Kline � .!!.• (1969) 
also reported a reduction in gains when 500 ppm copper was added to 
growing-finishing swine diets. 
It appears that copper fed at 500 ppm of the diet may be 
toxic to the p ig.  In addition to a reduction in daily gains, three 
pigs receiving the high copper level died during the trial. One pig 
was fed the d iet  supplemented with copper only and two were fed 
diets supplemented with copper az:td molybdenum. Necropsy examinations 
on the three pig s  which died revealed large gastric ulcers which had 
bled profusely. The stomachs were filled with large blood clots and 
the entire i ntestinal tract was f illed with free blood . H i sto­
pathologic examination revealed severe li ver necrosis and lesions 
of glomerular swe lling in the kidneys. Molybdenum i n  the d iet gave 
no growth response nor did i t  offset the symptoms of copper tox i c ity , 
'hT.ich i t  has been shown to do i n  other s pec i e�. (Mi l ler and irngel, 
1 9 6 0 ; Hay s  and Kline, 1969). 
A s  i n  trial I,  a h i gher inci dence of parakera tos i s  occurred 
i n  p igs fed the basal diet or the molybdenum-trea ted d iet. Copper 
add ed to the d i et  reduced the sever ity of gross skin lesions and · 
zinc and iron completely eliminated. the symptoms associated with the 
d i sease. 
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the sta tistical s i gnif i can ce shown in  tabl es 1 4, 15 and 16.  Signi fi­
cant ly lower (P ( . 00 5 )  values were observed for both hemoglob in and 
herr�tocrit due to the copper treatment at both bleedi ngs. Average 
va lues for hemoglobin (g/ 100 ml ) and hematocrit  ( per cent) at the f irst 
b leedi ng taken after 2 3  days on experiment for pi gs not recei ving 
copper �n the i r  d i ets were 12. 09 and 40. 49 compared to 10 0 45 and 36. 28 
for pigs rec eiving 500 ppm copper in the diet. At the second bleed i ng ,  
taken at slaugh ter,  the values were 13. 74  and 44. 31 compared to 
11 � 5 2 and 39. 3 3  for pigs fed O or 500 ppm of supplement ed copper, re­
spectively. \..7hen iron and zinc were added to the diets already c on­
ta i ning copper , s light i ncreases in  the hemog lobin and hema tocrit 
values were observed. Hovever , they did not rea ch the levels present 
in pigs fed ra tions without copper. Mo lybdenum appeared to have no 
TABLE 13 
THE EFFEC·TS OF HIGH LEVELS OF COPPER 
ON BLOOD , LIVER AND BACKFAT PR OPERTIES (TR IAL I I ) 
( 1 ) ( 2) (3) (4) 
Rep Basal No Zn + Fe Mo, 
Zn + Fe 
Hematocri t ( %) 
23 days Avg 39. 3 40. 3 40. 2 41 . 5  
End o f  tri al Avg 45 . 1 44. 1 44. 1 43. 8 
Hemoglobin { g/ 100  ml) 
23 days Avg 1 1 . 91 1 1 . 9 2 12. 07 12. 48 
End of trial Avg 13. 7 5  13. 47 13. 70 1t� . oo 
GOT a ctivi ty 
23 days Avg 45 48 46 47 
End of trial Avg 60 55 56 64 
Pl asma copper, ppm 
23 days Avg 1. 66 1. 79 1. 7 0  1. 7 1  
End of trial Avg 2. 24 2. 6 2  1. 97 2. 62 
Plasma zinc, ppm 
23 days Avg 0 . 27 0. 32 1. 05  1. 04 
End of trial Avg 1 . 17 1. 23 1 . 25 1. 32 
Liver copper, ppm Avg 21 23 18 22 
(dry basis) 
Liver zinc, ppm Avg 254 231 27 5 27 8 
(dry basis) 
Iodine value Avg 61 . 9 63. 6  63. 1 6 2. 4  
(backfat) 
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TABLE 13  CONTI NUED 
(5) ( 6 ) (7 ) ( 8) 
Rep Cu Cu+.Mo Cu , Cu , Mo 
Zn+ Fe Zn+Fe 
1-iematocr it  ( %) 
23 days Avg 35 . 3  35 . 3  37 . 3  36 . 7  
End of trial Avg 38 . 1  38. 4 40 . 6  40 . 2  
Hemoglobin (g/ 100 ml) 
23 days Avg 10 . 14 10 . 32 10 . 7 5 10. 47 
End of . tr i al Avg ll_.05  l l . 14 1 1 . 9 3  11.94 
GOT act i v ity 
23 days Avg 52 7 5  45 52 
End of trial Avg 55 5 8  51 6 1  
Plasma copper, ppm 
23 d ays Avg 2. 21 2 . 25 2. 15 2.03  
End of tri al Avg 2 . 07 2 . 1 5 2. 21 2 . 09 
Plasma z inc , ppm 
23 days Avg 0. 49 0. 56 1 . 02 0 . 95  
End of tri al Avg 1. 26 1. 42 1 .41  1.49 
Liver copper, ppm Avg 1656 2179 1582 1558 
(dry bas i s) 
Liver zinc, ppm Avg 29 3 324 342 337 
(dry bas is) 
Iodine value Avg 64 . 4  6 6. 4  6 6. 8  6 6. 5  
(backfat) 
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TABLE 14 
ANALYS I S  OF VARIAJ.'\JC E FOR HEMOGLOBI N AND HEMATOCRIT 
AT THE 23-DAY AND F INAL BLEED ING (TRIAL II) 
Source of 
Variation 
Total 
Reduction 
1".:u 
Replication 
Copper 
R X C 
Molybdenum 
R X  M 
C X M 
R X C X M  
Zinc and Iron 
R X  Z 
C X Z 
K A � A �  
M X Z 
R X M X Z  
C M X Z 
Error 
,'r ( P(. 05 )  
i:.J, (P ( .0 1 ) 
d f  
1 1 7 
22 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
95 
Fib la 
MS 
682. 9884 
14780. 1890 
3 • 9258-;b'( 
7 8. 9 533i:-!: 
. 4413 
. 2742 
. 4367 
. 3 80 1  
. 0468 
3 . 4618 '':­
• 2194  
.0078 
4. 248 1 --• ·'• 
. • 0407 
1. 1484 
1. 5586 
. 8091  
Hb za 
.MS 
86 1.0899 
18566. 1 3 10 
4 .  5579 ,•: 
143 • 239Ydr 
. 6521 
.044 1 
2. 0782  
.0093 
. 8289 
8. 1965";': 
1. 0639 
2.73 1 9  
. 4105 
1. 6736 
. 7 413 
1. 4182 
al =  23-day bleeding, 2 = final bleeding . 
Ec t 1 
HS 
7900. 47 
171488 . 6 1 
57 . 0 2,'n', 
516 . 40,-0·, 
5. 83  
2. 93 
3. 24 
9. 3 3  
. 44 
58. 0 81d: 
3. 20 
. 0 3  
2. 0 8  
15. 57 
. 2 1 
8. 24 
Hc t 2 
9 375 . 29 
203561.04 
9 .  Bl� 
720 . 0 7-!d: 
9. 9 9  
3. 65 
16. 77 
2. 00 
2 . 65 
15. 99 
. 2. 65 
5 6. 33,•, 
. oo 
16. 47  
2. 84 
1 1 . 7 6  
Source o f  
'va.r i. a t i on d f  
To ta l 117 
Reduc t ion 22  
Mu 1 
Rep l i ca t i on 2 
Copper 1 
R X  C 2 
Molybdenum 1 
R X M 2 
C X M 1 
R X C X M  2 
Zinc and I ron 1 
R X  Z 2 
C X Z 1 
R X  C X Z 2 
B X Z 1 
R X M X Z  2 
C X H X Z 1 
Error 9 5  
•l( ( P (. 05 ) 
,'n', (P (. 0 1 )  
TABLE L S  
ANALYS IS OF' VARIANC E FOR GOT , PL\: i MA C OPPER AND PLASMA Z I NC  
A T  THE 23-DAY AND FINAL :.LEED ING ( TR IAL I I ) 
GOT la ��- GOT 2''.! Cu 1 Cu 2 Zn 1 
MS MS MS .rlS HS 
131 7 2 . 47 1 799 1 . 8li, :L < ) . !+990 25 . 3 207  3 . 1994 
28049 5 . 86 382363 . 64 4?.0 . 0134 537 . 9407 56 . 627 8 
3688 • 26;'dt 19 5 3 • 3 2 ;'c* • 5 509�·- . 1 853  • 2 29 3�'n': 
6 20 . 3 1  1 7 6 . 87 , � . 5 2l�8;',;', 1 . 060[;.;': • 2089"k 
1083 . 28;':;', 54 . 96 . 410 1 • 963 1 •'• . ov�s 
477 . 1 6  414 . 3 8 e l06 1 3 " 7 87 7 ;',;'r . 0095  
1 60 . 82 298 . 47 • 2 69 8  . 083/.i . . 1 1 1 7 ;', 
1 26 . 1 9 168 . 55 . 36 10  1 . 4860;'( . 0036 
235 . 57 268 .. 1 5  . 1 1 86 . 03 1 6  . O i43 
602 . 53 46 . 60 . 2608 . 0368 10 . 103 8-;';;'r 
5 . 70 9 6 . 33 . 0937 . 1 141 . 0 1 53  
6 65 . 90 49 . 26 . 0946 . 6922  • 7 300�'dr 
3 2 1 . 63 68 2 . 7 1;', . 3437 . 1 31 7 . 01 23 
63 . 94 668 . 89;': . 1 908 . 0042 . 1081  
1 2-1 . 54 42 . 9 3  . 0329 . 7 7 2 2 . 1 33 7 -;';-
4 . 25 44 . 7 3 . 0002 2 . 0709-;'dr . 026 1 
190 . 9 1  202 . 07 . 1 59 1 . 2 5 2 1  . 032 5  
al = 23-day b leed ing , 2 = f ina l bleed ing .  
Zn 2 
MS 
9 . 7 205 
203 . l�44t+ 
• 897 8;': 
. 8040 
• 3 li.89 
1 .  2608;'; 
. 1428 
. 3445 
. 1 6 50 
. 23 1 0  
. 0863 
• 74.89 
. 2 167 
. 027 2 
. 457 0 
. 3 27 8 
. 2432 
TABLE 16 
ANALYSIS O,F VARIANCE FOR LIVER C OPPER , 
LIVER ZI NC AND ! ODIN)� VALUE OF HACKFAT ( TRIAL II) 
Source of 
Variat i on 
Total 
Reduct i on 
Mu 
Repli cation 
Copper 
R X C 
Molybdenum 
R X l-1 
C X N 
R X  C X N 
Zinc and Iron 
R X  Z 
C X Z 
M X Z 
R X  M X Z 
C X f X Z 
Error 
-1: (P< .. 05 ) 
"'* (P < .0 1 )  
d f  
1 1 7  
22 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
l 
95 
L Cu 
7859000 
8 8109055 
37 6 54!� 
83936853,'dr 
360496 
419823 
8-66208  
400247 
850062 
658927 
390 3 
6Lt.1 241 
·490 128 
177 111 
49847 3 
58600 1 
L Zn 
467966  
10040096 
2009 5'>'t 
13540 1 ,h', 
7 537  
0 
105 26 
29 7 2  
11 2 
23222'0' 
902 
875 
7 7 7 r: 
55 
685 2  
5682  
4229 
IOD 
22038. 80 
482582 . 17 
1 1 3 • 94,',•k 
30l�. 3 6,'o', 
5. 74  
13. 03 
1. 36  
. 87 
4 . 81  
13.03 
6 . 58 
11. 89 
3 8. 88 
1 .0 8  
.0 1 
11. 84 
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effect on the hemog lobin and hematocrit values . Combs · et al. ( 19 6 6 )  
and Kline � �• (1969) obta i ned s i mil ar reductions i n  hemogl obin 
values when 500 ppm copper was included i n  the diet . 
As in tr i a l  I ,  no s i gni f i cant d i fferences due to treatment 
were observed i n  GOT activity at ei ther blefd ing. One may have 
expected higher GOT values in the blood of pigs on the copper 
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treatments, especia l ly after the necropsy examinations revealed liver 
and kidney damage . There were highly s ignificant (P(. 005) differences 
in GOT va lues due to repl i cations. 
Plasma copper values were greater at the first bleeding 
(P (. 005)  but less at the final bleeding (P(. 05) when 500 ppm copper 
not rece i vi ng copper were 1. 70  ppm compared to 2. 10 ppm for pigs 
supplemented wi th copper. At the final bleeding, values obtained were 
2. 26 and 2. 05 ppm ,  respectively. Similar results were obtained by 
Suttle and Mi lls (1966a )  i n  their  copper toxicosis studies. These 
workers found a rapid i ncrease in serum copper up to 4 weeks after 
which the level s  fe l l  to values equal to those of control animals 
despite the continued feeding of 7 50 ppm copper. The workers postu­
lated that the pig can in some way adapt i tse lf to continued h i gh 
levels of copper intake . Molybdenum added to the diet resulted in . s ig­
nifi cantly (P (. 005) higher plasma copper values at the final bleed ing. 
B lood samples obtained at slaughter contained 2. 33  ppm copper 
when 50 ppm molybdenum was included in the diet compared to 1. 97 ppm 
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copper when no molybdenum was fed. No differences were observed in 
plasma copper va lues  dt,.1e. to the molybdenum tr eatment at the 23-day 
bleeding � Zinc and iron had no effect on copper content in the 
blood . Pigs rec eiving the basal diet had higher blood copper levels 
at the second bl eed ing as compared wi th the same p i g s  at the first 
bleeding. 
Plasma zinc was significantly (P(.005) increased at the 
first b l eeding by adding zinc to the diet .  Pigs fed diets supple-
mented with z inc had an average o f  . 99 ppm zinc in the plasma 
compared to .40 ppm for those pig s fed rations without add ed zinc . 
At the s econd b leed i ng zinc supplemented pigs had slightly hig�er 
1. 27 compared with 1 . 37 ppm 'tiere observed. P lasma zinc, as was 
found with plasma copper, increased with age of pig, regardles s  of 
treatment. This response may have been due to the reduced calcium 
content in the diet at the time the diets were changed. Copper 
add ed to the diet produced higher blood zinc values at both 
bleed ings  (P (. 0 25 and P(. 10, respectively). 
Liver copper conc entration was greatly increased (P( . 005) 
by the add i tion of copper in the diet. Pigs fed the control diet 
had an average of 21 ppm copper in the liver compared to 1744 ppm· ' i n  
the livers  of  pigs receiving copper in the diet. Copper liver values  
of  pigs fed  diets supplemented with copper ranged from 242 to  3941 ppm e 
Bowland !:_! �- (1961) found a w ide vari ation in copper concentration 
between different lobes and bet:"ween dif ferent parts of the same lobe, 
which could ac count for th is  range in observed values. In an exten­
sive review of copper f�ed i ng trials i n  the United States ,  Wallace 
(1968b) summarized that liver copper values between 800 and 2500 
ppm may reflect toxic ity . A slight increase in l iver copper values 
of pigs was observed when 50 ppm molybdenum alone was added to the 
diet compared to pigs which were not supplemented with this mineral. 
Zinc and iron supplementati on on the other hand, produc ed a slight 
decrease· in liver copper values -as compared to values obtained when 
no z inc and i ron were included in the d iet. However, these differ­
ences were small and ins ignificant. 
Liver zinc concentrations were higher (P(. 025 )  when zinc and 
storage was observed with the addition of 100 ppm zinc in the diet. 
A signi fic :i nt ( P(. 005 )  increase in liver zinc was also produced by 
dietary copper . Average liver zinc values inc reased from 260 to 328 
ppm with the inc lusion of copper in the d i.et. Pigs receiving a 
combination of zinc and copper in their diets had the h ighest liver 
zinc levels (342 ppm) . 
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Copper in the diet significantly (P ( . 005 ) increased the iodine 
value of the bac kfat . The inc lusion of copper in the d iet produced 
a 5% increase in the iodine value. These results are similar to . 
those of trial I and of Taylor and Thornke (1964) .  I t  would appear 
that a similar degree of unsaturat ion is obtained by feeding 250 or 
500 ppm copper .. A signif icant ( P ( . 00 5 )  differenc e due to replication 
was also noted with these data . 
Summarized carcass data are shown in table 17 , and the 
statistical analysis in table 18. No s i gn i ficant differences were 
noted in dress i ng percent due to treatment. However , there was a 
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slight trend for a lower dressing percent when pigs were fed copper 
while pigs fed z inc and iron supplementation tended to have higher 
values. Barber et  al . ( 1960 ,  196 1 )  found that 250 ppm copper supple­
mented in the diet i ncreased dressing percent values by approximately 
1 . 8%.  They also reported an inc--reased rate of gain due to copper 
while in this trial the feeding of 500 ppm of copper depressed 
gains. Perhaps the di fferences in copper levels fed and resulting 
rate of gain could account for these differences in results . 
-F o ri  ,... f"\n n o .,,.  ; n  -- - - . - - � . 
shorter carcasses than did pigs not receiving copper. These resul ts 
are probably a reflection of the gain data , since pigs  fed copper 
gained s lower and had smaller carcasses. Average weight of the 
carcasses of pigs fed copper was 60 kg while carcasses from pigs fed 
diets uithout added copper weighed 65 kg . The results do agree, 
however , with those of Barber !:.E. �• ( 1960 ,  19 61) who found a 2% 
decrease in carcass length due to copper supplementation. Zinc and 
iron added to the basal diet produc ed longer (P(. 0 25)  carcasses .  
Length increased from 7 4 . 9  to 7 6 . 2 cm with the addition of zinc and 
iron in the diet. Again, these results may be a reflection of gain 
data , as pig s  on the zinc and iron treatments had the fastest gains 
and uere heavies t at slaughter. 
Bac kfat thickness was significantly (P( . 005) reduced by the 
TABLE } . 7  
EFFEC TS O F  HIGH LEn :1s O F  COPPER 
ON CARCASS C HARACTER } � . TI CS ( TR IAL I I ) 
(1) (2) <JY (4) (5) 
Mo .Mo -
Rep Basal Ho Zn+Yo Zn+Fe Cu 
Dress ing percent Avg 7 1 . 4 7 l o 9 7 3 0 ( •  7 3 . 0 70 . 7  
Carcass l ength , cm Avg 7 5 . 4 7 5 . 2  7 6 . � 7 7  . o  7 4 . 4  
\. 
Backfat , cm Avg 3 . 10 3 . 20 3 . L : .i � 3 . 1 2  3 . 05 , 
Lo in ey e area , c rn2 Avg 2 5 . 81 25 . 23 26 .. � :· · 1 27 . l,�8 26. 26  
(6) {1) 
G u ,  
Cu+l·:b Zn+Fe 
70 . 8  7 1 . 1  
73 . 9  7 5 . 4 
2 . 92 2. 82 
27 . 3 5  28 . 1 3 
(8) 
C u ,  Mo , 
Zn+Fe 
7 1 . 4 
7 6 . 2  
2 . 82 
27 . 94 
VI 
0 
51 
' TABLE 18  
ANALYS I S  OF' VARIAPC E FOR DRESS ING PERC ENT ,  CARCASS LENGTH , 
BACKFAT TH ICKNESS AND LOI N  EYE AREA ( TR IAL I I )  
Sourc e o f  DP Length B'""' .r LEA 
Var iat i on d f  HS LiS 1·:S MS 
Total 1 1 7  
Reduc tion 22 25638 . 48 47 1 5 . 99 7 . 9 657 90 . 0593 
�1u 1 557 935 . 35 103012 .59 1 7 1 . 886 1 1 9 60 . 1 685 
Rep l icat ion 2 282 . 80 5 . 36* . 1 959�';- . 37 39 
Copper 1 3 7 . 65 - 5 . 87 • 7 2] 8�b': 2 .5106�'< 
R X C 2 10 1 . 70 1 . 39 . 07 1 1  . 0514  
Holybd enum 1 148 . 43 . 04 . 00 1 7  . 3427 
R X M "' 266 .56 4 . 03 . 07 1 7  . 4270 � 
C X N 1 670 .26 . 02 . 007 7 . 8037 
R X  C X M 2 199 . 26 2 . 64 . 0003 . 0356 
Z inc and Iron 1 3 1 2 . 23 10 .  33�•. . 0099 3 • 7 624�'. ·k 
R X  Z 2 1 60 .56  1 . 46 . 0430 . •  6264 
rt V '7 l '� : 5 ?  . ()() � 1 87 0�: . 8? ') ?  
R X  C X Z 2 7 . 28 3 . 89 . OIJ:>9 . b 8:Lj 
M X  z 1 . 3-2 . 92 . 0002 . 4416 � 
R X M X Z 2 3 o5 l . 48 . 0002 . 0 152 
C X N X Z  1 1 33 .54 . 09 . 04-34  1 .4281 
Error 9 5  1 7 8 . 7 7  1 .54 . 0469 . 5262 
·k ( P< . 05 )  
�·,t, (P (. 0 1 )  
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inclusi on o f  copper in the diet . Pigs fed _diets with - no c opper pro­
duced carcasses wici1 an . average backfat thickness of 3. 28 cm compared 
to 2 . 90 �m from pigs fed diets supplemented with 500 ppm copper. 
Taylor and Thomke (1964) observed no differences in backfat thicknes s 
o f  pigs suppl emen ted with copper . However, these wor kers were feeding 
only 250 ppm copper in the diet. Molybdenum or zinc and iron added in 
the rations alone had no effect on backfat thickness. Rations with 
the combination o f  copper, zinc and iron produced pigs with the 
leas t {P(. 05) amount of backfat (2 . 82 cm) . 
Loin eye area was significantly (P( .05) increased by adding 
copper in the diet. Averages of 25 . 5  crn2 compared to 27. 4 cm2 were 
in their diets, respectively � Zinc and iron added to the ration also 
produced a significant (P< . O l) increase in loin eye area. Pigs fed 
rations with a combination o f  copper, zinc and iron had the largest 
loin eyes . I t  wou ld appear from these results that high level s of 
copper, zinc and iron in the rations of  gr owing- finishing swine are 
quite conduc i ve in produc ing a highly musc l ed lean carcass . 
· SUMMARY 
Two trials were ·conducted with a total of 192 crossbred pigs 
to study the effects of copper levels in the ration on performance 
of growing-finishing swine. 
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The first trial was conducted to study the effects of 250 
ppm copper, with and without a combination of 100 ppm each of zinc and 
iron, on gain, feed efficiency and blood and liver composition. Sig­
nificantly faster (P(. 005) gains were obtained when pigs were fed- the 
supplemented diets. Pigs fed copper or the combination of zinc and 
iron gained an average of 27% faster than those pigs fed the basal 
diet while pigs fed diets supplemented with a combination of copper, 
iron and zinc gained 34% faster than the controls. Severity of 
parakeratosis was greatly reduced when copper was added to the diet 
and was completely eliminated when zinc and iron were included in the 
diet. Feed efficiency was not greatly affected by any of the treat­
ments. Copper added to the diet resulted in pigs having higher 
hemoglobin and hematocrit values compared to the pigs fed the control 
diet. Plasma copper and zinc levels were increa$ed when these 
minerals were added to the rations. Liver copper values increased 
approximately 20 fold and liver zinc levels doubled when 250 ppm 
copper and 100 ppm zinc were added to the rations. Zinc additi ons 
to the copper-supplemented ration reduced copper levels in the liver 
by approximately 60%. A more unsaturated fat as indicated by the 
iodine values was produced when copper was added to the diet. 
In trial II c opper supp lementati on was increased to 500 ppm 
and 50 ppm molybd enum w�s added as another treatment . The three 
supplements, copper , molybd enum and zinc and iron combined , were fed 
alone and in all combinations to form eight treatments. A slight 
d epression in  gain was observed when 500 ppm of copper was inc luded 
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in  the d iet . Zinc and iron, each at 100 ppm , resulted in pigs gain­
ing 13% faster than those receiving the basal diet . When zinc and 
iron were added to a ration c onta ining 500 ppm c opper , a slight 
increase in gain was noted c ompared to feeding c opper alone, but ga ins  
were less than when z i nc and iron were fed without c opper . Molybde­
num supplementation had little affect on ra te of gain . As in trial 
Copper added to diet� in this trial greatly reduced hemo­
glob in and hematocri t values . When zinc and iron were added to the 
diets already containing c opper, slight increases in the hemoglobin 
and hematocrit values were observed. However , they did not reach 
the levels present in p igs fed rations without c opper . Plasma c op­
per and zinc levels were increased by the inclus i on of these minerals  
in the diet after 23  days of feeding , however, the va lues appeared to 
increase with age of the pig and plateau at the final bleed i ng .  
Liver c opper values increased approximately 80 fold increasing to· 
1744 ppm and l iver zinc levels increased approximately 9% when these 
minerals were added to the rations .  Zinc and iron added to the diet 
c ontain i ng 500 ppm c opper reduced the liver copper value by about 18% . 
5 5  
However, copper added to the diet already containing 1 00 ppm zinc 
and i ron did not s i gnificantly affect the liver zinc value . A more 
unsaturated backfat in pig s resulted from the inclusion of copper in 
the diet . 
GOT ac t " vi ty was var i able  i n  both trials  with no definite 
trends due to any treatment. 
Pigs fed diets with 500 ppm copper had shorter carcasses with 
less bac kfat and larger loin eyes , but they did not differ in dressing 
percent . 
It appeared that the toxic level of copper was reached in the 
diets containing 500 ppm copper which was indicated by the reduced 
. .. - . • - ' 4 • • � .. • 1 -· - - ,.. _ 1 .! 4 ... _ -
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